Purpose The purpose of this study was to determine the long-term complications and outcomes of secondary intraocular lens (IOL) implantation in patients with congenital cataracts.
Introduction
The infant aphakia treatment study, a randomized clinical trial comparing contact lens to intraocular lens (IOL) correction of monocular aphakia during infancy, concluded that there was no significant difference between the median visual acuity of operated eyes in children who underwent primary IOL implantation and those left aphakic. 1,2 However, there were significantly more adverse events and additional intraoperative procedures in the IOL group. When operating on an infant with a unilateral cataract, the authors recommended leaving the eye aphakic. 1 When the child is left aphakic, contact lenses or aphakic spectacles are used and a secondary IOL implantation is planned for later in childhood. It is therefore imperative to analyze the outcomes and complications of secondary IOL implantation. Several studies have previously examined the visual outcomes and complications of secondary IOL implantation, however, they have often been limited by small sample size, short duration of follow-up, or multiple surgeons. We aim to report the rates of complications of secondary IOL implantation in patients who underwent congenital cataract surgery as infants and who have at least 1 year of follow-up after secondary IOL implantation. Specifically, we aim to report the longterm visual outcome, rate of visual axis opacification, IOL exchange, and glaucoma in a large number of eyes that were operated by the same surgeon.
Methods
We conducted a retrospective review of the medical records of children who underwent secondary IOL implantation surgery between 2000 and 2014. The study was approved by the Institutional Review Board of the Medical University of South Carolina for Human Research. To assure that all eligible children were identified, a chronological surgery list was cross-referenced with a database search of all children treated for cataract by one of the authors (MEW) at the Medical University of South Carolina. Eyes of children who were o7 months of age at the time of their original cataract surgery, performed by a single surgeon (MEW), were included in the study. Infants were excluded if they had congenital glaucoma, or had retinopathy of prematurity. In bilateral cases, one eye was randomly chosen for inclusion using the random assignment of each eye to either group A or B using 'Research Randomizer' (https://www.randomizer.org). We also excluded cases with incomplete details pertaining to cataract extraction or post-implantation follow-up. For examination of post-secondary implantation complications, only eyes with 41 year of follow-up after secondary implantation were included. The main outcomes measured were intraoperative and postoperative complications and visual outcomes at the final follow-up.
Data collection included age at cataract surgery, gender, ethnicity, laterality, type of cataract, corneal diameter, axial length by immersion A-scan (Ellex, Eden Prairie, MN, USA), keratometry (hand-held KM 500 MARCO keratometer, Macro Ophthalmic, Inc., Jacksonville, FL, USA), age at IOL implantation, reason for IOL implantation, IOL power implanted, IOL type implanted, and site of fixation of IOL. We also recorded age at final follow-up, duration of follow-up between secondary implantation and final follow-up, visual acuity at final follow-up, and refraction at final follow-up. Three complications were specifically examined and recorded: VAO, glaucoma, and IOL exchange. VAO was considered present if a note described visually significant after-cataract or proliferation that obscured the visual axis. 3 A patient was considered to have secondary glaucoma if an eye had pressures 422 mm Hg at two or more consecutive visits and exhibited associated ocular changes. These include increased optic nerve cupping (increase by 0.2 or more than previous visit or an asymmetric cupping of more than 0.2 in unilateral cases), greater than expected myopic refractive shift, or increased corneal diameter compared with the most recent visit. 4 If the patient had increased IOP but no associated ocular changes, we considered this glaucoma suspect. Statistical analysis was performed using t-test for continuous variable and Po0.05 was considered statistically significant.
Results
Seventy-six eyes of 49 patients were identified that were operated for secondary IOL implantation and underwent cataract surgery at less than 7 months of age. We evaluated 49 eyes of 49 patients (26 girls, 23 boys) for intraoperative data. Of these 49, 37 eyes of 37 patients had at least 1 year of follow-up after their secondary implantation. These 37 eyes were evaluated for postsecondary implantation complications. These patients had their secondary implantations between 2000 and 2014. The mean patient age at cataract extraction was 1.68 ± 1.18 months (range, 0.16-5.39), and the mean patient age at secondary implantation was 4.56 ± 1.80 years (range, 1.00-10.30). The most common age for secondary implantation was between 4 and 6 years of age (Figure 1 ). We found that 57.1% of 49 eyes had experienced contact lens incompatibility and 42.9% had sufficient normal growth to allow for the parents and the surgeon to mutually agree that it was time for elective implantation.
Details of preoperative parameters are described in Table 1 . Thirty (61.2%) were in the capsular bag, 14 (28.6%) were in the sulcus, 4 (8.2%) were piggyback, and 1 (2%) was angle-supported. However, there was no significant correlation between site of secondary IOL implantation and age at implantation (P = 0.216). We also gathered data concerning the reason for secondary implantation. Twenty-eight (57.1%) of 49 eyes had developed contact lens incompatibility and 21 eyes (42.9%) had elective implantation at an age agreed upon by the parents and the surgeon.
Examination of the postoperative records (Table 2 ) revealed the complication rates after secondary implantation in 37 eyes. The average age at last follow-up 
Frequency
Mean Age at Implantation Figure 1 Mean age at implantation of secondary IOL shown in years. The most common age at implantation was 4-5 years.
The least common was 7-8 years.
was 9.1 ± 2.4 years (range, 4.2-13.5 years). The average duration of follow-up after secondary implantation was 4.8 ± 2.8 years (range, 1.2-10.8 years). Posterior capsule opacification occurred in two (5.4%) eyes. IOL exchange occurred in only one eye (2.7%). A planned sulcus IOL removal occurred in three eyes that had piggyback lenses (8.1%). Because it was planned, this was not considered a complication. Glaucoma occurred in 11 (29.7%) of 37 eyes. Two of these required surgical intervention and nine were managed medically. Three eyes developed glaucoma suspect (8.1%). When analyzed for glaucoma that occurred only after secondary implantation, six eyes (16.2%) had developed glaucoma (four treated medically and two treated surgically) and one eye (2.7%) had developed glaucoma suspect. The median visual acuity at final follow-up was 20/40. For patients with unilateral cataracts it was 20/60 and for bilateral patients it was 20/30.
Discussion
The average age at secondary IOL implantation was 55.2 ± 21.6 months. This is likely because this is the age that most children enter preschool. Due to the burdensome nature of aphakic spectacles and contact lenses, and because it may give their child a psychological boost not to wear contact lenses or thick aphakic spectacles, many parents choose this time for implantation.
In this study, we examined 37 eyes for postoperative complications. This included the operated eye for unilaterally affected patients and a randomly selected eye from bilaterally affected patients. The results of our study and similar other studies are reported and summarized as weighted means [4] [5] [6] [7] [8] [9] in Table 2 . While the precise methods vary between our study and the other reported studies, this table allows for easy comparison of the studies' data concerning secondary IOL implantation. In this study, VAO occurred in 5.4% (n = 2) eyes. In the studies reported in Table 2 , the average occurrence of VAO, or secondary membrane formation, was 7.0%. True IOL exchange, due to refractive error, took place in 2.7% (n = 1) of eyes in our study. The overall average rate of IOL exchange in all reported studies was 1.8%. IOL explantation took place in three (8.1%) additional eyes in this study. However, these were planned removals of sulcus-fixated piggyback lenses and were not considered complications.
Postoperative glaucoma developed in 16.2% (n = 6) of eyes in this study, and postoperative glaucoma suspect developed in 2.7% (n = 1) of eyes. Of the eyes that developed glaucoma, 10.8% (n = 4) were treated medically and 5.4% (n = 2) required surgical intervention. The average rate of postoperative glaucoma was 7.4%. Since these eyes were all originally operated in early infancy, they retained a life-long risk for developing glaucoma.
The average follow-up after secondary implantation varied greatly among the studies. This study had an average follow-up of 57.6 ± 33.6 months. The average follow-up time after secondary implantation for all reported studies was 32.9 months.
In this study, the median visual acuity at final follow-up was 20/40. In unilateral eyes, the median visual acuity at final follow-up was 20/60, and in bilateral eyes was 20/30. These results are comparable to similar studies, including the study by Nihalani and Vanderveen, 9 which found 50% of eyes to have a BCVA of 20/40 or better, and Shenoy et al, 4 who found 35% of eyes to have a BCVA of 20/40 or better.
A previous study by Wilson et al 8 found that secondary IOLs implanted in the capsular bag are associated with slightly fewer complications than are IOLs implanted in the ciliary sulcus. One of the strengths of this study is that there is a very high rate (69.4%) of implantations in the capsular bag. This may be one reason for the low complication rates observed, and demonstrates the importance of preserving the capsular bag for secondary implantation. However, it Note: the study by Moore et al. 7 was excluded from this comparison because of the lack of post-secondary implantation follow-up data.
